Abstract
Introduction

53
Genetic risk of type 2 diabetes (T2D) is largely mediated through variants affecting 54 transcriptional regulatory activity in pancreatic islets [1] [2] [3] [4] [5] [6] [7] . Genetic fine-mapping combined 55 with epigenomic annotation data can identify causal variants at T2D risk loci mapping in 56 islet regulatory elements 1, 2 . The gene targets of islet regulatory elements, however, are 57 largely unknown, impeding discovery of disease-relevant gene networks perturbed by 
105
( Table S4 ). The median distance between loop anchor midpoints was 255kb, and 106 nearly 10% were over 1MB in size ( Figure S2 ). This established a map of chromatin 107 loops in human pancreatic islets.
109
We determined the relationship between islet regulatory element activity and chromatin 
115
We further mapped the relationship between islet regulatory sites connected by loop ; TssA-TssA OR= 1.42, P=6.15x10 -36 ). We also observed strong ) ( Figure 1E ). These results demonstrate that islet chromatin loops are 121 prominently enriched for active regulatory sites in addition to CTCF binding sites.
123
We next used chromatin loops to annotate distal relationships between islet enhancers 124 and potential target genes genome-wide (see Methods). Over 40% (18,240) of islet 125 active enhancer elements interacted with at least one gene promoter region, and on 126 average, these enhancers interacted with 2 gene promoter regions ( Figure S2 , Table 137 We examined the relationship between active enhancer interactions and target gene 138 expression level by using RNA-seq data from pancreatic islet samples 18 ),
143
with the highest expression among genes with 6 or more loops (median=19.8 TPM)
144
( Figure 2C ). The number of islet enhancer interactions was also a significant predictor 
153
We next determined the effects of genetic variants in islet enhancers on target gene 154 regulation. We generated expression quantitative trait loci (eQTL) data in 230 islet RNA-
155
seq samples by combining summary statistics from two published studies through meta- . We observed strongest enrichment of variants
174
in active regulatory elements, most notably in active enhancers (EnhA1 fgwas 175 ln(enrich)=3.9, LD-score Z=3.1) ( Figure 3A, Figure S3 ). 
199
( Figure 3F ), and at 6 signals resolved a single causal islet enhancer variant (Table S8) .
200
One example is previously unreported variant rs7732130 (ZBED3; PPA=98%) in a 
288
(IIDP) ( Table S1 ). Islet preparations were further enriched and selected using zinc-289 dithizone staining. We generated ATAC-seq data from the four human islet samples
290
with a protocol as previously described
11
. For each sample, we trimmed adaptor 291 sequences using TrimGalore (https://github.com/FelixKrueger/TrimGalore). The resulting 292 sequences were aligned to sex-specific hg19 reference genomes using bwa mem 25, 26 .
293
We filtered reads were to retain those in proper pairs and with mapping quality score 294 greater than 30. We then removed duplicate and non-autosomal reads. We called between the read counts for each sample.
We generated Hi-C data from three pancreatic islet samples, two of which also had 305 ATAC-seq data (Table S1 ). Islet preparations were further enriched and selected using 306 zinc-dithizone staining. In situ Hi-C was performed using a previously published protocol
307
with modifications adapted to frozen human tissue 17 . Briefly, the tissue was cut to fine 308 pieces and washed with cold PBS. Cross-linking was carried out with 1% formaldehyde
309
(sigma) in PBS at room temperature (RT) for 10 min and quenched with 125mM Glycine
310
(sigma) at RT for 5 min. Nuclei were isolated using a loose-fitting douncer in hypotonic 311 buffer (20mM Hepes pH7.9, 10mM KCl, 1mM EDTA, 10% Glycerol and 1mM DTT with 312 additional protease inhibitor (Roche) for 30 strokes and centrifuge at 4 °C.
314
Nuclei were digested using 4 cutter restriction enzyme MboI (NEB) at 37 °C overnight
315
(o/n). Digested ends were filled in blunt with dBTP with biotinylated-14-ATP (Life
316
Technologies) using Klenow DNA polymerase (NEB). Re-ligation was performed in situ 317 when nucleus was intact using T4 DNA ligase (NEB) at 16 °C for 4 hrs. The cross-linking
318
was reversed at 68 °C o/n while protein was degraded with proteinase K treatment 319 (NEB). DNA was purified with phenol-chloroform extraction and ethanol precipitation,
320
followed by fragmentation to 300-500 bp with the Covaris S220 ultrasonicator. Ligation 
325
For each sample, reads from paired end reads were aligned with bwa mem 27 as single-
326
end reads, and then filtered through following steps. First, only five prime ends were kept 327 for chimeric reads. Second, reads with low mapping quality (<10) were removed. Third,
328
read ends were then manually paired, and PCR duplicates were removed using Picard 
332
Contact maps for each sample were binned to 100kb, and the correlation between 333 samples across all bins for all chromosomes was calculated using scipy.stats.pearsonr 334 in scipy. Chromatin loops were identified by using HICCUPS 8 at 5kb, 10kb, and 25kb 
340
loops were found at the highest resolution, loops were kept from the contact map with 341 the highest overall sequencing depth. We also called topologically associated domains
342
(TADs) from the pooled Hi-C data using a previously described approach
10
.
344
Islet ChIP-seq data processing
345
We obtained previously published data from ChIP-seq assays of H3K4me1, H3K27ac,
346
H3K4me3, H3K36me3 and CTCF generated in primary islets and for which there was 347 matching input sequence from the same sample 
460
We then fine-mapped casual variants in putative T2D loci genome-wide. For variants in 461 each 1MB window across the genome, after excluding any windows overlapping a 462 known T2D signal, we obtained the effect of the islet annotation overlapping that variant.
463
We calculated a prior probability for each variant as described above also including an 464 additional prior on the evidence that the 1MB window is a T2D locus. . We considered the prior probability that a variant was causal for T2D risk
565
or an islet eQTL as 1x10 -4 , and the prior probability that a variant was causal for both
566
T2D risk and an islet eQTL as 1x10 -5
. We considered signals as having evidence for co-567 localization where the probability of a shared causal variant was higher than the 568 probability of two distinct causal variants.
570
We tested target genes for gene set enrichment using GSEA 
597
We generated the Imp2 construct by using a genomic fragment of 12 kb containing Imp2 
603
We bred mice for experiments by crossing IMP2-loxp mice (Imp2 
724
The number of chromatin loops to islet enhancers was a significant predictor of relative 
